The present work was carried out to investigate the combined effect of fortification of media with 1% peptone under control of culture acidity on the growth rate of Lactococcus lactis subsplactis , Lactococcus lactis subsp cremoris and Lactobacillus casei in sterilized skim milk incubated at 34°C. The obtained results indicated that:Lactococcus lactis subsp lactis grow in sterilized skim milk resulted in coagulation of milk after 12 th hour of incubation, and was reached plate count of 28x10 6 CFU/ml.When the same strain grown in sterilized milk supplemented with 1% peptone under control of culture acidity no coagulation was observed up to the end of incubation period after 28 th hour at 34°C, and it reached a plate count of 70x10 6 CFU/ml at the end of the exponential phase after 12 th hour of incubation Cessation of growth in the culture started the stationary phase after 24th hour of incubation. The effect of added 1% peptone to sterilized skim milk under control of culture acidity on the colony forming units of Lactococcus lactis subsp cremoris, indicated that control sample grown in sterilized skim milk reached count of 55x10 6 CFU/ml after 12 th hour of incubation. The corresponding values for Lactococcus lactis subsp cremoris grow with medium supplementation and control of culture acidity reached a plate count of 20x10 7 CFU/ml after 24 th hour of incubation.When Lactobacillus casei grow in sterilized skim milk incubated at 34°C with medium supplementation with 1% peptone under control of culture acidity, the population density was several times higher in culture supplemented with peptone under control of culture acidity reached a population density of 17x10 7 CFU/ml, while only 23x10 6 CFU/ml were recorded by the same strain being grown as a control after 24 th hour of incubation.
INTRODUCTION
Lactic acid bacteria are a group of gram-positive, non sporeforming, an aerobic or facultative aerobic cocci or rods, which produce lactic acid as one of the main fermentation products of the carbohydrates metabolism. Lactic acid bacteria play a critical role in food production and health maintenance (Quinto et al., 2014) .
During milk fermentation processes, lactic acid bacteria are exposed to various environmental stress conditions, such as temperature fluctuations, acidity, pH and decrease of available nutrients. Some of these conditions will often coincide.
Effects of some environmental parameters on growth kinetics of lactic acid bacteria might provide useful information concerning physiology and different reactions of the microorganism during growth under different conditions. Among these parameters pH, temperature, NaCl, water activity (a w ) and medium supplementation seems to be of great importance, Tanigughi et al. (1987) and Bernard-Bibal et al. (1988) .
Several researchers have investigated the associate growth relationship between these parameters and Streptococci group, widely used as starters in dairy industry, Rhee and Rack (1980) , Hassan and Richard (1990) , Ismail (1990 a & b and b) and Ismail and Juillard (1991 a & b) .
The optimum pH for growth of various strains of lactic acid bacteria have been determined by many investigators, Blickstad and Molin (1981) and Roy et al. (1986) . However the extent to which the medium pH can influence the growth rates of individual species is less clear (Van de Guchte et al., 2002) The inability of lactic streptococci to synthesize many amino acids makes them dependent on an exogenous supply of amino acids and small peptides. Since fresh milk contains only a small amount of free amino acids and small peptides, these organisms are dependent on their proteoytic enzymes which hydrolyze casein (Lawrence et al., 1976) .
Evidence presented by Ismail (1991a) suggested that an intensive growth of Lactococcus lactis subsp lactis was observed in autoclaved reconstituted milk and broth.
The fortification of milk with proteose peptone alone enriches the medium and supports the growth. He reported also that the cultivation of lactic acid bacteria in milk fortified with proteose peptone gave higher cell productivities as compared with the corresponding milk. Therefore, the aim of the present study was to elucidate the combined effect of supplementation of media with 1% peptone and control of culture acidity on growth kinetics of LAB in milk.
MATERIALS AND METHODS

Milk:
Buffalo milk used in this study was obtained from Faculty of Agriculture herd, morning milking. As soon as milk was arrived to the laboratory it was skimmed by using Alfa-Laval separator operated at 16000 rpm.
Skim milk was distributed into 1 L conical flasks; each flask contained 750 ml skim milk. Conical flasks containing skim milk were sterilized at 121°C/10 minutes (15 lph/inc 2 ) Bacteria: Lactic acid bacteria used in this study were:
Lactococcus lactis subsp lactis Lactococcus lactis subsp cremoris Lactobacillus casei
All starter cultures were obtained from the culture collection of Botany Department, Faculty of Science, Assiut University.
All organisms were routinely maintained in sterile litmus milk fortified with0.1% peptone and stored at5-7°C.
For the preparation of the inoculant, the procedure described by Hassan et al. (1989) was adopted. From each stored bacterial culture, a 1/10 dilutions were prepared in 500 ml conical flasks each one contained 250 ml sterilized skim milk incubated at 34°C.
The first non-coagulated flask in which the bacteria was expected to be in the exponential phase of growth was used for inoculating the experimental flasks inoculation was carried out by using certain volumes from the first non-coagulated flask to achieve about 105 CFU/ml in the experimental flasks.
Growth media:
MRS media was used in this study.
Bacterial analysis:
Enumeration of bacteria was carried out on MRS media. Petri dishes were incubated aerobically at 34°C for 48 hr. Colonies were determined by direct visual inspection.
Chemical analysis: Determination of Developed Titratable Acidity (DTA):-
Developed titratable acidity was determined according to (A.O.A.C., 2000) by using sodium hydroxide N/9 and phenolphthalein as indicator.
Experimental:-
Each of the studied bacteria was inoculated into two of 1 L conical flask, each one contained 750 ml of sterilized skim milk. Inoculation was carried at about x105 CFU/ml at zero time. Conical flasks were immersed in water bath thermostatically controlled at34 ± 0.5°C.
The first flask was considered as control, while the second one was fortified with 1% peptone before sterilization. At each sampling time, calculated volumes of 0.1 N sodium hydroxide solution were added to adjust the acidity of culture as it was at zero time. Sampling was carried out at zero time and after each two hours intervals up to 28 hours of incubation at each sampling time 15 ml aliquots of each culture was aseptically withdrawn in 25 ml sterilized conical flask, 1 ml of the aliquots was aseptically withdrawn in a test tube containing 9 ml sterilized distilled water to give the first dilution 1/10 for the bacteriological analysis (10-1).
The dilution was shaked gently for 30 second, was used for the preparation for other dilutions 10-2, 10-3, 10-4, 10-5, 10-6.
RESULTS AND DISCUSSION
It is well known that shapes of all microorganism growth curves and the duration of each phase depend on several factors. However several explanation have been offered for the cessation of growth in the microbial cultures and starting the stationary phase of growth so tried in this study to investigate the effect of medium supplementation with 1% peptone under control of the culture acidity on the shape of the growth curves of three examined strains of LAB, and how these two factors can affect the duration of each phase. The obtained results are presented in Tables 1,  3 and 5. Control samples growth in sterilized skim milk a steep, lag phase was found between 0 to 2 nd hour in Lactobacillus casei and Lactococcus lactis subsp cremoris. In contrast, the duration of lag phase was from 2 nd to 4 th hour in Lactococcus lactis subsp lactis, reaching a colony count of 18x10 5 , 36x10 5 and 12x10 5 CFU/ml, respectively growth and acid production were in correspondence of each of the three variants grown in sterilized skim milk and throughout the incubation period.
Lactococcus lactis subsp cremoris and Lactobacillus casei grew at steady rate according to acid production and colony forming units were shown in figs 3, 4, 5 and 6. On the other hand, the rate of growth of Lactococcus lactis subsp lactis grow in sterilized skim milk was faster according to acid production and colony forming units, figures 1, 2.
Development of growth and acid production occurred by the examined strains grown in sterilized skim milk in the medium supplemented with 1% peptone under control of culture acidity at 34°C are shown in Tables 1, 2 , 3, 4, 5 and 6.
Colony forming units assay clearly show the fundamental difference between Lactococcus lactis subsp lactis, Lactococcus lactis subsp cremoris and Lactobacillus case when Lactococcus lactis subsp lactis grow in sterilized skim milk, the sample was coagulated after 12 hour of incubation, and plate count of 28x10 6 CFU/ml was detected .On the other hand, the same strain being grown in sterilized milk supplemented with 1% peptone under control of culture acidity, no coagulation was noticed up to incubation period of 28 th hour at 34°C, and it reached a plate count of 70x10 6 CFU/ml at the end of the exponential phase after 24 th hour of incubation. Cessation of growth in the culture, and starting the stationary phase was shown in Tables 1 and 2 and Fingers 1 and 2. These results are in good agreement with those obtained by Hindle andWheelock (1970) , under show a direct relationship exist between the population density and the availability of utilizable nitrogen's compounds apparently limits the extent of growth in milk. It was therefore to be expected that growth in supplementation of medium and control of culture acidity would reach higher population densities in milk supplemented with peptone, but to certain limit.
The effect of added 1% peptone to sterilized skim milk together with the control of culture acidity on colony forming units of Lactococcus lactis subsp cremoris are shown in Tables 3 and 4 and figures 3, 4. Control sample grow in sterilized skim milk reached a plate count of 55x106 CFU/ml after 12 hour of incubation. The corresponding values for Lactococcus lactis subsp cremoris grown with medium supplementation under peptone and control of culture acidity reached a plate count of 90x10 6 CFU/ml after 12 hour of incubation such findings agreed with those of Talaat and Allen (1971) .
The large number of cells developed by Lactococcus lactis subsp cremoris in milk supplemented with peptone and control of culture acidity suggested that it may reach a higher population density than the same strain grown in sterilized skim milk, and would, therefore, be useful in mass culturing of Lactococcus lactis subsp cremoris. These results are in consistence with those observed by Mckay and Baldwin (1975) , however Heap and Richardson (1985) found that higher product yield was obtained in recombined milk containing 0.1% yeast extract when Streptococcus cremoris was used.
When Lactobacillus casei grow at 34°C in sterilized skim milk in the absence of 1% peptone and of the controlled of culture acidity, and with fortification of the media with 1% peptone of the controlled culture acidity, the population density was several times higher in culture supplemented with peptone and control of culture acidity, reached a population density of 90x10 6 CFU/ml, compared with 11x10 6 CFU/ml by the same strain being grown as a control. This medium proved to be superior for lactic acid production Figures 5 and 6 these results agreed with those reported by Ismail (1991 b) , Hindle and Wheelock(1970) , and Thandon and Ganguli (1972) .
As milk contains only small amounts of amino acids and small peptides, casseolytic activity is required for rapid growth and acid production when Lactic streptococci are grown in milk, so supplementation with peptone can help to obtain their needs of nitrogenous compounds, Speck (1962) .
Fortification of milk with peptone and of the controlled acidity yielded an excellent growth for all studied strains as maximum levels of colony forming units was obtained.
Although it is customary in the dairy industry to measure culture activity either by growth or by acid production, these two indices are not always in correspondence, and various degrees of differences of cell growth from acid production are evident from colony forming units, Figures 1, 3 and 5 developed titratable acidity Figures 2, 4 and 6 in every case, rate of increase in DTA was higher than that of CFU. Which indicates efficient acid production and less cell growth.
Thus, sufficient cell mass production in a supplemented medium is possible and this may allow exclusive use in the dairy industry.
The effect of adding 1% peptone and control of culture acidity to the three bacteria strains was greater on Lactococcus lactis subsp cremoris compared to the other two strains. The lag phase wasn't observed clearly in case of Lactococcus lactis subsp cremoris unlike the other two cultures. This leads to reduce the lag phase and improve the productivity of cells to the degree that the number of cells became 24x10 8 CFU/ml at 28 th hour; this is the highest value noticed in the three cultures. (1) rate of increase in titratable acidity (%) during growth of Lactococcus lactis subsp lactis cultivated in sterilized skim milk at 34°C (control) .
(2) rate of increase in titratable acidity (%) during growth of Lactococcus lactis subsp lactis cultivated in sterilized skim milk supplemented with 1 % peptone and control of acidity at 34°C. Coagulated (1) rate of increase of titratable acidity (%) during growth of Lactobacillus casei cultivated in sterilized skim milk at 34°C ( control ).
(2) rate of increase of titratable acidity (%) during growth of Lactobacillus casei cultivated in sterilized skim milk supplemented with 1 % peptone and control of acidity at 34°C. Coagulated.
CONCLUSION
Fortification of milk with 1% peptone of controlled acidity yielded an excellent growth for Lactococcus lactis sub splactis, Lactococcus lactis subsp cremoris and Lactobacillus casei, as the maximum count of colony forming units was obtained.
Thus, sufficient cell mass production in a supplemented medium is possible, and this may allow exclusive use in the dairy industry.
